The antibacterial efficiency of the methanolic extract of Phyllanthus niruri Linn. was investigated against pathogenic bacteria responsible for common infections of skin, and urinary and gastrointestinal tracts. The extract demonstrated antibacterial activities against all the Gram-positive and Gram-negative bacteria tested. The results obtained suggested that at higher concentrations the extract would eradicate the growth of bacterial cells. The bacterial cells, after exposure to the extract, showed complete alteration in their morphology, followed by collapse of the cells beyond repair. The study revealed that the methanolic extract of P. niruri may be an effective antibacterial agent to treat bacterial infections since the extract exhibited significant antimicrobial potency, comparable with that of the standard antibiotic chloramphenicol.
Although pharmacological industries have produced considerable number of commercial antibiotics but resistance in pathogens toward these drugs has risen to a point of global concern. This situation forces scientists to search for new antimicrobial substances from various sources. Therefore, there is a need to develop alternative antimicrobial drugs with diverse chemical structure and novel mechanism of action for the treatment of infectious diseases from medicinal plants in order to curb this problem. Herbal medicines have been developed not only as a way to improve ancient traditional therapeutics, but also as an alternative solution for health problems. Plants constitute an important source of active natural products which differ widely in terms of structure and therapeutic properties. The continued investigation into the secondary plant metabolites for anti-infective agents has gained importance in recent years because of the alarming increase in resistance of pathogenic microorganisms to existing antibiotics [1] .
Phyllanthus niruri Linn. (Euphorbiaceae) or locally known in Malaysia as dukung anak is considered as a weed which later is accepted as a valuable medicinal plant widely used to treat various diseases. P. niruri is a small, erect annual herb that grows 30-50 cm high and are highly distributed in most tropical and sub-tropical countries. It is reported to have inhibitory effect on human immunodeficiency virus where the alkaloidal extract of P. niruri is found to exhibit sensitive inhibitory response on cytopathic effects induced by both the strains of human immunodeficiency virus on human MT-4 cells [2] . It's extract has been used to treat microbial infections which caused diarrhea, dysentery, tuberculosis, cough and vaginitis [3] besides exhibiting anti-tumor and anticarcinogenic activities [4, 5] .
Due to its various medicinal purposes, therefore the present study is focused mainly on the evaluation of methanolic extract of P. niruri leaves for its activity against pathogenic bacteria which causes infections in human. Its effect on the selected bacterial growth and structure degeneration were studied and evaluated.
In this study, methanolic extract of P. niruri was selected because the extract showed good activity against the test bacteria. The higher activity of the methanolic extracts may be due to higher solubility of the active compounds in these solvents. Methanol is a polar solvent and has a higher power to extract the active antibacterial compounds in the plant which exhibited higher activity. Table 1 shows that Gram positive bacteria (B. cereus, B. subtilis and S. aureus) are more susceptible than the Gram negative bacteria (E. coli, P. rettgeri and P. aeruginosa) based on larger inhibition zones produced by them which were between 12.00 -15.00 mm compared to 7.00 -8.00 mm, respectively. This condition can be observed clearly on the MIC values of the extract against test bacteria (Table 1) , where Gram positive bacteria exhibited lower MIC values of 3.13 -6.25 mg/mL whereas the Gram negative bacteria exhibited higher MIC values of 25.00 mg/mL. Further study was concentrated on B. cereus since it's showed the lowest MIC value. Time-kill studies were performed over a period of 48 hours with the B. cereus cells being exposed to 1/2MIC (1.56 mg/mL), MIC (3.13 mg/mL) and 2MIC (6.25 mg/mL) values of the extract and the results are shown in Figure 1 . At 1/2MIC (1.56 mg/mL) the extract demonstrated a drastic drop in OD after 12 hours, which leads to the stationary phase of the bacterial growth compared to the control. At the values of MIC (3.13 mg/mL) and 2MIC (6.25 mg/mL), the extract produced cell eradication after 12 hours. Based on the results obtained from the time-kill studies, it was obviously seen the potency of the methanolic extract of P. niruri leaves as antibacterial agents against pathogenic bacteria. The results obtained from this study proved that P. niruri leaves methanolic extract can be used to treat bacterial infections topically as it acted straight to the cell wall of a target bacteria. In order to assure the write time of using the extract against the bacteria, we conducted a study on the effect of addition the extract to the bacterial growth profile. Figure 2 shows that the control cells grew well and achieved its logarithmic profile at 8 hours of cultivation time, then it entered the initial stationary phase at 12 hours of cultivation time, followed by a stationary phase from 20 hours onward. Therefore, the additions of the extract were done at 8, 16 and 24 hours of cultivation time in response to those phases. The results revealed that the growth of the treated cells decreased once the extract was added without having any exception on the time of addition. This condition is good in the sense that the extract can be used at any time of the bacterial growth to treat its infection. Figure 3A shows the SEM micrographs of bacterial cells without the methanolic extract treatment. The figure revealed the normal rod shape cell structure without any shrinkage or cavity formation as the surface was smooth and regular. Figure 2B shows the morphology of the cell after 12 hours of treatment with the extract. The bacterial cells started to show multiple defects with many of cells exhibited crumpled or shrunken cell surface. Figure 3C revealed more formation of crumpled cells and some the cells formed cavities. After 36 hours of exposure ( Figure 3D , the bacterial cells were seemed to be totally deformed and collapsed cells were seen. The cells were collapsed, clumping together and hence lost their original rod shape as compared to the control cells in Figure 3A . The use of crude extracts of plants parts and phytochemicals of known antimicrobial properties can be of great significance in the therapeutic treatments. In fact, many plants have been used due to their antimicrobial properties which are actually the secondary metabolites synthesize by the plants. The present study has shown that methanolic extract of P. niruri leaves has promising antibacterial activity and this is probably why the plant is widely used in traditional medicine [6] . Generally, the methanol extract was more active than other extracts [7] . This may be attributed to the polarity of methanol and it capability to extract more compound from the plant samples especially phenolic and polyphenolic group of compounds [8, 9] . Even though there were reports that methanol extract demonstrated inhibitory effects to B. subtilis, P. aeruginosa, and S. aureus but not E. coli [10] , but recent research activities on antibacterial activities of crude extracts have implicated the methanol extract for being more active than the other solvents extracts [11, 12] .
The activity of the plant against both Gram positive and Gram negative bacteria can be indicative of the presence of broad spectrum antibiotic compounds or simply general metabolic toxins in the plant. The antimicrobial activity of the extracts of P. niruri may be due to the presence of lignans (like phyllanthin and hypophyllanthin), flavonoids (like quercetin), astragalin, triterpenoids, glycosides, and tannins (ellagitannins), in the plant extract [13, 14] . Phytochemical constituents like flavonoids are known to prevent gastric ulcer due to the astringent and antimicrobial properties, which appear to be responsible for gastroprotective activity, as reported by Okolo et al. [15] . P-cymene, a monoterpenoid has also reported to have good antimicrobial properties [6, 16] .
In this study three Gram positive (B. cereus, B. subtilis and S. aureus) and three Gram negative (E. coli, P. rettgeri and P. aeruginosa) were used as test microorganisms. All these are pathogenic bacteria that are known to cause several diseases and infections in humans and animals. For instance, S. aureus and P. aeruginosa are most common pathogens causing serious infections while E. coli is an opportunistic pathogen at the site of cut wound. The MIC values of the extract against all the test bacteria were determined using agar diffusion method and the results showed that MIC values for Gram positive bacteria were between 3.13 to 6.25 mg/mL which were more susceptible than Gram negative bacteria which exhibited the MIC values of 25.00 mg/mL.
In the present study Gram positive bacteria were found to be more susceptible to the plant extract than Gram negative bacteria which corroborated the previous reports that plant extracts are more active against Gram positive bacteria [17] [18] [19] . This may be attributed to the fact that these two groups differ in their structure of the cell wall components. The same characteristics were observed in other antimicrobial studies of plant extract against pathogenic bacteria [18, 19] . Hyde et al. [20] suggested that the morphological changes of the antibiotic-treated bacteria occur when the antimicrobial agent attacked the cell membrane. In this case, the bioactive compound of the methanolic extract of P. niruri leaves that locked on the cell surface structure had permeabilized the bacterial membranes. Any disruption in cell wall integrity will have a great influence in bacterial growth. This prediction was coincided well with the findings of Sasidharan et al.
[21] who reported the methanolic extract of macroalgae Gracilaria changii exerted its inhibitory effect on the cell wall of the bacterial cells which led to the complete damage of the cells. Various studies were reported to investigate the mechanism of actions involved in bacterial killing process. Among them are the interactions of antibacterial compound with the cell membrane [22] .
Gram-negative bacteria are considered to be more resistant due to their outer membrane which acting as a barrier to many environmental substances including antibiotics [23] . This outer membrane includes the asymmetric distribution of the lipids with phospholipids and lipopolysaccharide (LPS) located in the inner and outer leaflets, respectively [24] . This characteristic that is absent in the Gram-positive bacteria might have acted as the additional barrier that hinders the movement of foreign substance into the cell [25] . In addition, the cell wall of Gram-positive bacteria contains lipotheichoic acids (LTA) that represent unique and essential structural components to the cells and should be good drug targets to the bioactive compounds of P. niruri.
The results of the study show that the methanolic extract of P. niruri leaves exhibited appreciable antibacterial properties inhibiting growth of Gram positive and negative bacteria. It could serve as useful source for new antimicrobial agents.
Experimental

Collection, processing and extraction of plant sample:
The fresh sample of P. niruri leaves was collected around the Penang Island and brought back immediately to the laboratory in a sterile plastic bags. The leaves were rinsed thoroughly under running tap water and the clean samples were then dried in an oven at 45C for 4-7 days until they were completely dried before grinding them into powder form. Approximately 40 g of dried powder form of the plant sample was soaked in 400 ml of 100% methanol at room temperature (30±2C) for three consecutive days. The mixture was filtered using a muslin cloth and followed by Whatman No. 1 filter paper. The filtrate was then concentrated in a rotary evaporator under reduced pressure until oily paste formed and kept at cool dry place until further used. 
Microorganisms and cultural maintenance:
Antibacterial activity:
The antibacterial activity of the extract against the test bacteria were determined following the method described by Tong et al. [26] with slight modifications. Test bacteria were cultured on nutrient agar plates and incubated at 37ºC for 24 hours. Bacterial suspensions were prepared by inoculating one loopful of a pure colony into 5.0 mL of sterile distilled water. Sufficient inoculums were added until the turbidity equal to 0.5
McFarland standards which approximately equivalent to 1.5x10 5 cells per mL.
One milliliter of the suspension was added into 15.0 mL of sterilized molten nutrient agar aseptically. The mixtures were mixed well by swirling the plates left and right and then they were left on the bench to solidify. The commercial antibiotic disk GF A (Whatman) with 6.0 mm diameter was used to screen the antibacterial activity. Each of the sterile disks was then impregnated with 20 µL of the extracts, which corresponding to 100.0 mg/mL of extract stock. Chloramphenicol at the concentration of 30 µg/mL was used as a positive control. On the other hand, 100% methanol was used as a negative control. All the impregnated disks were air dried before placing them on the agar surface. The plates were incubated at 37C for 24 h and the antibacterial activity was determined by measuring the diameter of the inhibition zones formed around the disks.
Determination of minimum inhibitory concentrations:
The determination of minimum inhibitory concentration (MIC) was performed using macrodilution method [27] . Briefly, different extract preparations were subjected to a serial dilution using sterile nutrient broth medium as a diluents to give final crude extract concentrations between 1.275 and 200.000 mg/mL. The tubes were inoculated with the bacterial suspension (20 µL/mL broth), homogenized, and incubated at 37°C for 24 h. The lowest dilution of the extract that retained its inhibitory effect resulting in no growth (absence of turbidity) of a microorganism was recorded as the MIC value of the extract. The bacterial growth was indicated by the turbidity. Each test was performed in triplicate and repeated twice. A control experiment was run in parallel to study the impact of the solvent itself (without plant component) on growth of the test bacteria.
Time-kill study of Bacillus cereus in the presence of methanolic extract of Wedelia chinensis leaves:
Bacterial suspension of B. cereus was prepared as described previously and was harvested by centrifugation, washed twice with sterile distilled water and resuspended in sterile distilled water. The suspension was adjusted using the McFarland standard. The extract was added in to 25 mL of nutrient broth in a 50 mL Erlenmeyer flask to achieve concentrations of 0 (control), 1.56 (1/2MIC), 3.13 (MIC) and 6.25 (2MIC) mg/mL after addition of the inocula [28] . The experiments were conducted in triplicate and all the flasks were incubated in a shaker (Infors HT Ecotron) incubator at 37C with agitation at 150 rpm. One milliliter of the mixture within each flask was withdrawn at every 4 hourly intervals starting from 0 hour until 48 hours of cultivation and the bacterial cell growth was monitored by measuring optical density at 540 nm.
Scanning electron microscope observations:
The bacterial suspension was prepared as described previously. To each sample, 1.0 mL of the 24 h old bacterial suspension was inoculated in a 50.0 mL conical flask containing 30.0 mL of sterilized nutrient broth and incubated in a shaker at 37C, 150 rpm for 18 h. The bacterial suspension was then added to the extract stock solution (the final concentration in each flask was at the MIC value) and incubated at the required incubation time (12, 24 and 36 h). As for a negative control, a conical flask containing bacterial suspension was added with 1.0 mL of 100% methanol. The SEM samples preparation were done following the method describes by Mares [29] and Yogalatha et al. [30] . The prepared samples were then viewed under a scanning (Leica Cambridge, S-360, UK).
